The American Society of Meci.anical Engineers, 77-Pet-61 


DEVELOPMENT OF SUMITOMO HIGH TOUGHNESS PROCESS (SHT) 


FOR ARCTIC GRADE LINE PIPES 


by Eiji Miyoshi 
Takahide Tanaka 
Norihiko Nozaki 
Minoru Fukuda 





4146 
POLARPAM 


C79" 129 iweg 


AIW 


eA. 


Bin 


Nes 









_ -77-Pet-61 





The Society shall not be responsible for statements or opinions 
advanced in papers or in discussion at meetings of the Society or of its 
Divisions or Sections, or printed in its publications. Discussion is printed 
/ f f only if the paper is published in an ASME journal or Proceedings. 
Released for general publication upon presentation. 
Full credit should be given to ASME, the Technical Division, and the 


$3.00 PER COPY author(s). 
1.56 TO ASME MEMBERS 


Development of Sumitomo High 
Toughness Process (SHT) for Arctic 
Grade Line Pipes 


ENGINEERING SOCIETIES ElJl MIYOSHI NORIHIKO NOZAKI 
x Assistant Manager, Assistant General Manager, 
Al iG 2 a 1977. } Central Research Laboratories, Production Engineering Department, 
eer Sumitomo Metal Industries Ltd., Kashima Steel Works, 
i Amagasaki, Japan Sumitomo Metal Industries Ltd., 
L | B R A R Y : lbaragi Pref., Japan 


TAKAHIDE TANAKA 
MINORU FUKUDA 
General Manager, 
No. 2 Research and Development Department, Senior Research Engineer, 
Sumitomo Metal Industries Ltd., Central Research Laboratories, 
Osaka, Japan Sumitomo Metal Industries Ltd., 
Amagasaki, Japan 


Since 500 thousand tons of pipes for Alaska Pipeline were produced, controlled rolling 
techniques of plates have been advanced in many mills in the world, using ordinary rolling 
mill lines. Special controlled rolling (SHT), the innovational controlled rolling process of line 
pipe steel for Arctic uses, has been developed in Sumitomo, equipping a special furnace in 
the rolling mill line. By this process, heavy plates (32 mm) with sufficient crack arrestability 
even at -60 C can be produced by ordinary HSLA steels. 


Contributed by the Petroleum Division of The American Society of Mechanical Engineers for presentation 
at the Energy Technology Conference and Exhibit, Houston, Texas, September 18-22, 1977. Manuscript 
received at ASME Headquarters June 23, 1977. 


Copies will be available until June 1, 1978. 


HC A. Apc a /t2 


_ Ordar No: 13135 
Price 44,00 


Aco. No:: Evraineesing Socichies library 


CTED 
iAL MAY BE PROTE 

| ce: THIS MATER CODE): 
aeeeTERARY NY copYRIGHT LAW (TITLE 1208 


: 56658 


Be Mp REIT ee alge C5, Wc} BiG es - 
MECHANICAL ENGINEERS, UNITED ENGINEERING CENTER, 345 EAST 47th STREET, NEW YORK, N.Y. 10017 


PS aca etn elt En Bn a OL no Sin Ge Sa i aS cca ts Fast lt 







Tara 


AMERICAN SOCIETY OF 


< 








Development of Sumitomo High 
Toughness Process (SHT) for Arctic 
Grade Line Pipes 


ElJi MIYOSHI TAKAHIDE TANAKA 


INTRODUCTION 


The essential properties of high test line 
pipe steels are strength, toughness, good field 
weldability, mass-productivity, and economy. 

For arctic grade line pipes, low temperature 
toughness is especially required. The SHT proc- 
ess, which is a kind of the controlled rolling, 
has been developed to fulfill the aforementioned 
purpose. The SHT process remarkably improves 
the low temperature toughness of HSLA steels 
without any loss of strength and it also keeps 
high mill productivity. 

The SHT process consists of two steps of 
rolling (1) as is shown in Fig. 1. At the 
first step, slabs are heated at conventional 
heating temperature, then rolled to the certain 
intermediate thickness and are cooled to the 
temperature lower than the critical transforma- 
tion temperature. At the second step, steels 
are reheated at the normalizing temperature and 
are controlled rolled to the specified plate 
thickness. ‘The SHT process is schematically 
shown in Fig. 2. ‘The rolling path of SHT proc- 
ess is shown in Fig. 2 by solid line, compared 
with that of conventional or ordinary controlled 
rolling indicated by the dotted line. The tem- 
perature in the special SHT reheating furnace is 
precisely controlled by computer. These SHT 
facilities were established in Kashima Works of 
Sumitomo Metal Industries Ltd. in 1975. Over 
10,000 tons of line pipes for extremely low tem- 
perature service have been produced. 

The production yields of ordinary con- 
trolled rolling are said to decrease to about 
70 percent of that of conventional rolling. The 
productivity of the SHT process is larger than 
95 percent of the conventional one, because the 
sively amp conve can be arranged most effec- 
tively rele Lea eg yo ting a at 
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The advantage of the SHT process is to ob- 
tain the low temperature (-50 C) toughness even 
in heavier thickness of pipes (e.g., over 32 mm) 
without significant amount of nickel addition. 
However, 1-percent nickel is added to obtain 
toughness at heat affected zone of weld joints 
for the pipes to be used at -60 C. Consequently, 
the SHT is an economical process to produce the 
arctic grade line pipes. 


PROPERTIES OF PIPES BY THE SHT PROCESS 


From over 10,000 tons of pipes, three 
typical examples — (a) X-70 line pipes with 
18,3-mm wall thickness, (b) heavy wall X-65 with 
26.3- and 31.8-mm wall thickness, and (c) heavy 
wall products for extra low temperature service 
at -60 C — are shown in this report. Proper- 
ties of SHT pipe are compared to those of the 
ordinary controlled rolled and the quenched and 
tempered pipes. All these plates were rolled 
at Kashima Works and formed to pipes at Kashima 
Works or Wakayama Works, 

Table 1 shows the dimensions and chemical 
compositions of the tested samples in this re- 
port. Table 2 indicates the results of tensile 
and toughness properties. Figs. 3 and 4 show 
the transition curves of transverse Charpy ab- 
sorbed energy. In these figures, pipes made by 
the SHT and the ordinary controlled rolling 
processes are compared for the same composition 
of steels. The transition temperature of the 
SHT pipes are lower than that of ordinary con- 
trolled rolled pipes. Fig. 5 shows the transi- 
tion curves of B-DWTT (2, 3). It is seen that 
brittle fracture arrestability can be maintained 
at a temperature down to -60 C in the SHT pipes 
with the same chemical composition as that of 
the ordinary HSLA steels. . 

Table 3 shows properties of welded pipes. 
Ordinary two-pass SAW welding process (one pass 
from each side) was applied to all pipes. Weld- 
ing materials were specially developed for arctic 
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Fig. 1 Schematic diagram of microstructure changes by SHT, ordinary controlled rolling and normal- 


izing method 
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Fig. 2 Layout of rolling units and flow of rolled material 


services (4). ‘The location of the notch of 
Charpy test pieces is selected to indicate the 
least toughness in the neighborhood of the weld- 
ed seam of pipes. In the table, heavy wall 
pipes of 2-B and 2-D containing little or no 
nickel, respectively, show the low toughness at 
-40 C, while a pipe of 3-F with 1 percent of 
nickel shows 67 J even at -60 C, Pipe 3-G, con- 
taining 3.5 percent of nickel, shows almost the 
same toughness at -60 C. Toughness of the pipe 
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body is satisfactorily improved by the SHT proc- 
ess, but to improve the HAZ toughness at a tem- 

perature below -40 C, 1 percent of nickel addi- 

tions is essential. 


METALLURGICAL FOUNDATIONS FOR THE EXCELLENT 
TOUGHNESS 


Grain Size 
In the following paragraphs, several 
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+ : primed products were produced by ordinary CR or by QT for comparison. 


3-J* is the plate for low temperature services. 


Y CFE means continuous forming, RB means Roll Bending. 


Table 2 Tensile and Toughness Properties of Tested Samples 
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metallurgical reasons for the excellent tough- 
ness obtainable by the SHT are to be illustrat- 
ed. One of the authors has made clear (5) the 
yY to a transformation characteristics in the 
severe controlled rolling process, as shown in 
Fig. 6(b), which is named the type II transfor- 
mation. ‘The ultra-fine ferrite grains are 
yielded at the deformation bands in the unre- 
crystallized austenite grains just after, or 
sometimes on, the final low temperature rolling. 
However, a few large austenite grains are neces- 
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energy at -45°C and at -60°C respectively. 


sarily remained untransformed, and they grow 
somewhat larger ferrite and pearlite grains dur- 
ing the slow cooling because of the lack of nu- 
ecleation sites for ferrite within them. Hence, 
the microstructure of the controlled rolled prod- 
ucts inevitably contains a few islands of large 
ferrites and pearlites, or sometimes bainites. 

In other words, the microstructure obtained by 
the severe controlled rolling becomes hetero- 
geneous. Although, the size of grains that were 
borne at the deformation bands is extremely fine, 


3 





200 


(J) 


) 


a 
0 


100 


Absorbed energy 
SOA ut 





-160 -120 -80 -40 0 


B: 


Test temperature (°C) 


Fig. 3 Charpy transition curves of X-70 line 
pipes 
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Fig. 5 Transverse B-DWTT transition curves of 
all tested pipes 


ultra-fine grains obtainable by the type II 
transformation by low temperature rolling to- 








60 70 “30 “40 0 gether with the homogeneity of the structure re- 
Test temperature (°C) sulting from the fine homogeneous austenite 
Fig. 4 Charpy transition curves of heavy wall grains provided by the low reheating temperature. 
line pipes 
Precipitation Hardening 
the average grain size of the structure becomes Concerning the grain size effect on tough- 
a little larger by this heterogeneity. This ness, it is generally accepted that the transi- 
heterogeneity will be significantly reduced if tion temperature of the steels can quantitatively 
the original unrecrystallized grains become be analyzed by the parameter d™2, where d denotes 
| finer. the average linear intercept of the ferrite 
In case of the SHT process, this refining grains by the crack. In Fig. 7, the transition 
of the original austenite is accomplished by re- temperature of several 1l-mm-thick aluminum | 
| ducing slab reheating temperature. Therefore, killed vanadium bearing steel plates of ferrite 
the structure obtained by the SHT is much im- and pearlite structure is plotted against da™@. 
proved over that obtained from the ordinary se- Three heats of steels, differing in manganese 
verest controlled rolling, mainly due to reduc- content, are rolled under the different condi- 
ing the heterogeneity and also to refining the tions. The open symbols are the results of 
laverage grain size. Fig. 6(b) shows the typical plates produced by the ordinary processes includ- 
microstructure of the SHT (right) compared to ing normalizing and a few degrees of controlled 
that of the severely controlled rolling (left). rolling. They are arranged along a band, the 
it is recognized that the finest portions of slope of which is somewhat larger than that in- 
the structure in both steels are quite similar. dicated by Petch (6). The results of the plates 
As interpreted in the foregoing, the structure made by the SHT are shown by the closed symbols, 
of the ordinary controlled rolling contains and it is noticed that they all exist far below 
Several islands of large grains and these is- the bands of the open symbols. 
lands disappeared in the SHT plates. Hence, although the improvement in tough- 


Briefly speaking, the SHT utilizes the ness by the SHT is attributed, at least partly, ' 





Table 3 Properties of Welded Part of Supplied Pipes 
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to the grain refining of the plates described 
in the previous section, the authors consider 
that some other metallurgical factors contribute 
at the same time to the superior toughness. It 
is formerly proposed by one of the authors (7) 
that the type of precipitation hardening may 
change by the severe low temperature rolling. 
The effect of precipitation hardening and 
embrittling by the fixed amount of Nb or V are 
summarized in Fig. 8. The increase in tensile 
strength by the addition of V and Nb (ATS) is 
plotted in abscissa, and the accompanying de- 
terioration in Charpy transition temperature 
(AFATT) is in the ordinate. The results of 
plates without rolling, i.e, heat treatment, are 
plotted by the open symbols, while the results 
rolled by 50 percent at temperature between 700 










The y to a transformation mechanism of the severely controlled rolled steels 


and 800 C are shown by’ the closed symbols. Ar- 
rows from open symbols to closed ones show the 
effect of low temperature rolling on the precipi- 
tation hardening and embrittling. It is ascer- 
tained that, by this low temperature rolling, 

the grain sizes of plain carbon aluminum killed 
steels are equally refined to those of Nb or V 
bearing steels, and so, in the first approxima- 
tion, the effect of grain size cancels each 
other, 

Since the arrows are directed downward and 
have considerable length, it is concluded that 
the precipitation embrittling is decreased mark- 
edly by the 50 percent low temperature rolling, 
irrespective to the reheating temperature. 
Furthermore, the precipitation hardening seems 
to increase considerably by the rolling in the 





A: The ordinary Severe 
eontrolled rolling 


Fig. 6(b) Typical microstructure of the SHT and of the controlled rolling 


case wnen the reheating temperature is 900 C 
(SHT). It is supposed that without rolling, the 
precipitates operate as secondary coherent parti- 
cles while they operate as dispersion small in- 
coherent particles if rolled at the low tempera- 
ture. Unfortunately, however, both particles 
have not been observed yet in the commercial 
steels. 

It appears that the SHT utilizes the full 
potential of the dispersion hardening and that 
appreciable strengthening by the addition of V 
and Nb can be attainable without any deteriora- 
tion of toughness. 


Crystallographic Orientation 
Another significant factor contributing to 


the superior toughness of the SHT plate is the 
erystallographic orientation (8). Fig. 9 repre- 
sents the relative intensity of the reflected X- 
ray from the (100) plane of the crystals parallel 
to the rolling surface. The SHT plate contains 

a larger amount of (100) oriented crystals, es- 
pecially in the mid-thickness of the plate. 

As is seen in the literature, it is theo- 
retically expected that the toughness of the 
plate is improved by the crystallographic texture 
4 


6 





iB: The SHT 





1OUu 


of (100) plane parallel to the plate surface (8). 
Moreover, as the authors suggested earlier (9), 
the stronger the (100) crystallographic texture, 
the more sensitive the plate becomes to separa- 
tions or splittings, in the mean time of crack 
propagation. Since the separations, by their 
nature, release the stress triaxiality at the 
erack tip, the toughness of the plate may appar- 
ently be further improved. 

This crystallographic (100) texture of the 
SHT plate is not the direct consequence of the 
low slab reheating temperature, however. Rather, 
it is the result of the large amount of low tem- 
perature rolling. Therefore, the intensity of 
the texture can be adjustable preferably at some 
expense of toughness. 

Thus, the extreme fine grains, the change 
of the character of precipitation hardening from 
the embrittling type to the tender type, and the 
favorable crystallographic orientations are the 
main reasons for the excellent toughness of the 
SHT plates. 


DISCUSSIONS 


According to the metallurgical common 


a “$ es 3 oitjuieathitinigeadatinatin —_— xr re yo Og a 


] 
2 


-40 


-60 


E shelf) transition temperature (°C) 








tk Ordinary C.R., 
A conventional 
5 rolling, and 
ck normalizing 
2 -100 - 
oO SHT 
8 9 10 Lal 
i i 
d 2 (mm 2) 
a 
Fig. 7 The plot of temperature versus dad? for 
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0.17 percent; Si: 0.29 percent; Mn: 0.611.4 per- 
cent; V: 0.06 percent; Al: 0.03 percent) 


60 









Not 
= 4 
é moledouacs 


AFATT (°C) 





0 5 10 15 
ATS (N/mm?) 
B: 0.03% Nb 


0 50 100 
ATS (N/mm?) 
A: 0.11% V 


Fig. 8 The effect of 0.11 percent V (left) ana 
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percent; Si: 0.30 percent;. Mn: 1.32 percent; Al: 
0.03 percent) 
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sense, the toughness of pipes seems to be im- 
proved easier by the quench and temper process 
than by the controlled rolling. However, in 
practice, it has been found out that the im- 
provement in brittle fracture arrestability of 
the pipes is quite different from the improve- 
ment of the transition temperature of Charpy 
test. For example, Fig. 10 shows that the 
transition temperature of B-DWTT of a quenched 
and tempered material is appreciably raised if 
the ductile initiation of the crack is prevented 
by depositing the brittle bead around the notch 
tip of the specimen (10). In this material, the 
extremely favorable brittle fracture initiation 
characteristics are ascertained by the result of 
dynamic COD test. 

Because the crack arrestability should be 
evaluated to determine whether the brittle 
erack is arrested or not when a running brittle 
erack is introduced into the material, this Q-T 
material is judged to have poor arrestability 
in spite of excellent transition temperature of 
B-DWTT and the Charpy test. Contrary to this, 
the as-rolled materials have generally poor 
brittle fracture initiation characteristics, 
and the value of the B-DWTT and the Charpy test 
gives rather reasonable crack arrestability as 
shown in the upper part of Fig. 10. Generally 
speaking, the tempered martensite has relatively 
superior initiation characteristics and poorer 
arrestability than the ferrite and pearlite if 
the apparent toughness value by a customary 
small size test is equal. However, the high 
tensile strength over 600 N/mm* can be reached 
more easily by Q-T process. 

The authors are now attempting to make 
such high strength steels with superior arrest- 
ability by the SHT or by the tempering after 
SHT rolling. The microstructure produced is a 
very fine mixture of ferrite and martensite, 
like the micro-duplex structure (11). 

Recently, the acicular ferrite type steel 
was developed as a very tough high strength 


steel (12). The plates of this steel are pro- 
duced commonly by controlled rolling. Table 4 
presents the mechanical properties of an acicu- 
lar ferrite type steel in several rolling condi- 
tions. When rolled by the SHT, the toughness 
value is further improved with a slight decrease 
in the strength. However, increasing the magni- 
tude of rolling reduction at the low temperature 
with simultaneously reducing the slab reheating 
temperature, the extremely fine poligonal fer- 
rite yielded and the proportion of acicular fer- 
rite decreases. It can be mentioned that the 
superior property of this steel is not inherently 
due to the acicular ferrite but to the fine and 
homogeneous microstructure. 

The microstructure of the SHT plate of 
this steel contained a very fine dispersion of 
martensite like the micro-duplex structure. For 
the micro-duplex type high strength steel pro- 
duced by the SHT, the higher carbon content is 
tolerable for high toughness, and some addition 
of vanadium may be preferable in place of a part 
of Mo and Nb. 

In any respect, the SHT will develop in 
the future the new class of high strength steels 
composed of the very fine ferrite and martensite 
mixtures. 


CONCLUSIONS 


The authors devised and developed the spe- 
cial controlled rolling method named SHT, which 
is composed of two steps of rolling with an in- 
termediate cooling and reheating. 

The proper layout of the mills and the 
special attachments, including a furnace, was 
designed without any loss of productivity even 
when a very low temperature rolling was conducted. 

By this new rolling method, the brittle 
fracture arrestability can be guaranteed down to 
-40 C in the X-70 grade line pipes, heavy wall 
Pipes with thickness over 25 mm, and heavy 
plates, without any nickel addition. For the 
product to be used at temperature below -40 ©, 
the toughness of the 1 percent Ni steel rolled 
by the SHT is nearly equal to that of the 3.5 
percent Ni steel made by the ordinary process 
(Q-T). The SHT is especially useful if the 
brittle fracture arrestability of thick products 
is required. 

The excellent toughness of the SHT is due 
to the extreme fine grains, the tender unembrit- 
tling precipitation hardening, and the favorable 
erystallographic orientations. 

The detailed discussions on the crack ar- 
restability of the steel leads us to conclude 


that the SHT is the easier way to get brittle 
fracture arrestability than the quench and tem- 
pering process. 

The SHT is a promising process to mass- 
produce steel plates for low temperature serv- 
ices. 
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